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Abstract 
This paper investigates people’s short term thermal history in transitional lobby spaces. It sets out the first stage for 
exploring the possibility that repeated short term experiences can modify people’s long term thermal history and 
thermal memory towards a better thermal adaptation. Data from 50 lobby spaces in Higher Education Institutions 
(HEI) in the UK was collected in order to identify lobby typologies. Fieldwork was carried out during the summer of 
2013 in three different buildings in Sheffield, UK. Surveys involved 610 questionnaires along with simultaneous 
environmental monitoring at four specific points and two sequences of spaces from exterior to an interior environment. 
People’s thermal perception was analysed in space sequences with lobby and without lobby. Methodology and initial 
results are presented in this paper. Outcomes suggest that people’s thermal perception can be altered over short periods 
of time. Temperature differences from one space to another, temperature sequences and direction are the main factors 
affecting people’s thermal memory in the short term. The paper provides valuable insights on the key factors that 
impact upon people´s adaptation and tolerance to changing thermal experiences.  
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1. Introduction 
Nowadays climate change and increasing temperatures are putting people’s health at risk. Are current and future 
generations ready to face this climate variability? Are the different social sectors providing people with the 
knowledge, tools and opportunities to adapt to changing and extreme temperatures? In order to provide comfortable 
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interior environments in terms of temperature, Heating, Ventilation and Air Conditioning (HVAC) systems in 
buildings can consume up to 50% of the total energy used during operation[1]. In addition, buildings are isolating 
people from external temperatures and limiting their ability for thermal adaptation due to providing fixed 
temperatures. Interestingly, some authors claim that people look for temperature variations as a way to reach thermal 
comfort. Temperature deviations do not always cause discomfort; the contrary, fixed temperatures provoke people’s 
discomfort to some extent [2].  The concept of comfort is dynamic and is related to the way people perceive, interact 
and adapt with the environment rather than a static condition that should satisfy the majority of the population. 
Individuals do not always have the same thermal sensations and preferences over a short or long period of time, 
therefore thermal comfort cannot be considered, studied and provided as a static condition [3]. The built environment 
sector should offer to people not only adaptive opportunities but also thermal variability on a daily basis to eventually 
improve people’s adaptation and thermal tolerance. Relatively few studies have explored people’s thermal perception 
in variable temperatures and dynamic situations [4-7], or explore new concepts related to thermal variability. Over 
time people are able to adapt themselves to a wide range of conditions that they habitually experience. Previous 
studies have demonstrated that the temperature in which people feel comfortable is close to the mean temperature they 
have experienced over a period of time. The study of people and thermal variability has been strongly linked with 
people’s thermal history [7]. 
1.1 Thermal history  
People’s thermal history refers to the previous thermal conditions that influence their current thermal perception of the 
environment. Therefore, people’s current thermal state will affect their next thermal experience depending on the time 
of exposure [8]. Thermal history can be referred to as long-term or short-term; an example of long term effect is the 
influence of the climate of a place on people’s thermal perception, when people have been living there for many years. 
The effect of the change of climate during the seasons of the year is also a long term effect. An example of a short 
term effect is people’s thermal experiences during their everyday life, which could be grouped under the effects of 
either weeks, days, hours or seconds. The degree of impact of people’s thermal history on their perception depends on 
different physical and psychological factors [4, 9, 10]. In this paper thermal memory is defined as the thermal storage 
capacity of human body influencing current people’s thermal perception.  
The study of thermal history helps to understand people’s thermal perception, choices, preferences and expectations. 
By looking at people’s short term thermal history previous studies have detected some patterns and preferences 
depending on the place and climatic conditions they were in before [11].It can be suggested that building design could 
create new short term experiences that might influence people’s thermal adaptation in the long term. Interestingly, 
researchers have claimed that during short-term thermal experiences people tend to tolerate a wider range of 
temperatures. They suggest outdoor places, semi outdoor and transitional spaces as potential areas to explore people’s 
thermal adaptation; since people are influenced by different factors compared to the indoor environment where they 
are more tolerant to climatic variations [12]. But, what are the factors that influence people to tolerate different range 
of temperatures in the outdoors, semi outdoor and transitional spaces?. Table 1 illustrates some of the concepts 
addressed in previous studies [6, 8, 10, 13, 14] that are related with people’s short-term thermal history. 
Few researchers have been able to draw valid conclusions from short term and dynamic thermal experiences since the 
effects of multiple variables create a complex area of study. There is a lack of field research exploring the short term 
thermal effect on people in real life. Most studies on thermal history have been focused on the long term effect [15, 
16] or are situated in outdoor [6, 7] ,passageways [4],  indoor spaces [17] and other pedestrian urban spaces.  
Transitional spaces connecting the indoor and outdoor environment have not been studied in much detail. Previous 
experiments carried out in lobby spaces have only involved people’s perception from outside to inside or from inside 
to outside. The limitation of this approach does not take into account the effect of the lobby on people’s short term 
thermal history in following spaces. In order to assess the effect of the lobby space it is necessary to evaluate people’s 
thermal perception before and after passing the lobby and people’s thermal perception with and without passing 
through the lobby. A number of studies tend to overlook the fact that people’s thermal perception in the lobby is the 
result of the influence of the previous thermal conditions plus the conditions of the lobby. On the contrary, people’s 
perception of a space after passing through the lobby is based on the results of the lobby effect plus the current thermal 
conditions of the space. It is very important to highlight this issue, since the objective of this work is to evaluate the 
effect of the lobby space on people’s perception on the short term thermal experience in a sequence of spaces as they 
experience it in real life conditions. 
Table. 1. Concepts influencing people’s thermal perception in shorts periods of time   
Concept Description  Concept Description 
504   Gloria A. Vargas and Fionn Stevenson /  Energy Procedia  62 ( 2014 )  502 – 511 
Thermal history 
 
People’s previous thermal 
experiences in long or short term  
 Thermal 
sequences 
The order in which people experience a 
series of thermal conditions  
Thermal memory People’s thermal  sensation stored in 
their body when change from one 
thermal condition to another  
 Alliesthesia Psychological term to indicate degree of 
satisfaction or pleasure in certain 
environmental conditions  
Time of exposure Duration of people’s exposure to 
specific thermal conditions  
 Short lived 
experiences 
People’s awareness that a current 
environmental experience will last for a 
short time  
Thermal direction The way people move from one 
thermal condition to another. 
Movement from neutral towards 
extremes or vice versa 
 Acceptance of 
Naturalness 
People’s acknowledgment of their lack 
of control on environmental conditions 
caused by natural systems 
Degree of change Temperature difference from one 
condition to another  
   
Freedom of choice People’s ability  to decide being in 
certain environmental conditions  
 Expectations Anticipation of  experiences influenced 
by previous ones  
1.2 The lobby space 
 
A lobby is defined as the first visual and spatial contact that people have with the inside of a building [18]. In this 
study the lobby is considered as the transitional space in the building that connects the outdoor and indoor 
environment. It includes foyers, entrances, and delimitated areas closed to the entryways. In this work the research 
explores the lobby space as the transition that people experience connecting the outdoor with the indoor environment. 
Transitional spaces in the built environment, including lobby areas, have been referenced by many authors as potential 
places to study people’s responses to temperature deviations and repeated short term experiences.  
2. Method 
Fieldwork was conducted in order to explore people’s thermal perception in a real situation. A quantitative research 
approach was used in this study. The methodology involved a preliminary survey to identify lobby typologies in 
Higher Education Institutions (HEI) in UK, case study selection and field work including surveys and simultaneous 
environmental monitoring. Data from surveys was analysed with statistical software. This study focused on HEI in the 
UK. The justification for the case study was based on two main reasons: First the moderate climate in the UK brings a 
potential opportunity to eliminate the use of air conditioning and promote adaptive design because extreme heating or 
cooling solutions are not required. Second in the UK, the Higher Education sector needs to reduce CO2 emissions by 
80% against 1990 baseline by 2050. The HEFCE (Higher Education Funding Council for England) promotes 
strategies for carbon reduction which include: sustainable development performance, building monitoring, sustainable 
design, behavioural change and improvement of performance of existing buildings.  
2.1 Lobby typology analysis 
A survey of HEI’s in UK was conducted in order to establish typical layouts, dimensions, connections and lobby 
features as a comparative background to inform the final case study selection. The analysed sample consists of a 
random selection of 50 new faculty buildings. Results illustrated that 52% of the buildings started operation during 
2011-2012 and the remaining during and before 2009. The average gross square meters of the buildings was 4,100 
square metres. Most of the buildings (86%) operate in mixed mode; they are naturally ventilated during summer using 
air conditioning only at specific spaces. During winter all of them use different heating systems. Regarding the 
building entrance, 54% have a double door entryway with a space between two parallel door systems, and 46% have a 
single entry door. In buildings with single entry doors, revolving doors were more common than swing doors. Typical 
dimensions of entry doors ranged from 2.5 to 3.0 metres in width, from 2.5 to 3.5 metres in height, and the distance 
between the two parallel doors ranged from 2.5 to 3.5 metres. Only 4% of the lobby spaces were immediately 
connected with interior spaces, and 96% were connected via other transitional spaces. Other transitional spaces 
included corridors (46%), large circulations (32%) and atria (22%).The typical lobby shape was rectangular (54%), 
irregular (26%) and square (20%). Finally, the function of the lobby was mainly as circulation (76%), while 10% had 
demarcated reception areas, 10% had demarcated social areas and 4% were atria with different uses. Based on these 
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results for the case study selection, a decision was taken to focus on a typical lobby layout unit comprising of a double 
door entry door, corridor and an interior space.  
1.1 Case study selection in Sheffield, UK  
 
Fig. 1- Location of Sheffield in the United Kingdom 
Sheffield is a city located in the south area of Yorkshire in England (53.3836° N, 1.4669° W) illustrated in Figure 1. 
Sheffield has moderate temperatures with a warm summer and rainfall in all months. The average low temperature 
varies from 2.0ºC to 1.7 ºC during December, January and February. The maximum average temperature vary around 
21ºC during July and August based on climate averages records from 1981 to 2010  from  UK Met Office, 2014. 
Sheffield was selected for study since its moderate climates brings the potential opportunity to eliminate the use of air 
conditioning and promote adaptive design. The study of a typical lobby layout unit comprised of a double door entry 
door, corridor and an interior space was exemplified in three HEI buildings located in Sheffield UK. Figure 2 shows 
the three selected buildings. 
 
 
Fig. 2-Case study buildings (a) Jessop West Building; (b) Henry Stephenson Building 1) ICOSS building 
1.2 Subjects 
This study focuses on undergraduate students from 18 to 24 years old because they represent 80% of the total student 
population in universities in the UK based on the HESA 2010-2011 survey. However, a small percentage of subjects 
were over 24 years old. In order to have representative sample 610 students were randomly recruited from different 
departments within the university campus and different nationalities were also included.  
1.3 Questionnaires and Instruments 
In order to study people’s short term thermal experience, questionnaires were designed to be answered in less than 10 
minutes. Two types of questionnaires were used in the surveys depending on the route used by participants to arrive to 
an interior space. Questionnaire A = exterior + lobby (entry doors + circulation) + interior space. Questionnaire B= 
exterior + interior space. Questionnaires included different sections that were answered by participants in different 
spaces in the building. Questionnaires include a section about people’s demographic, people’s long and short term 
thermal history. A seven point ASHRAE scale was used to ask people’s thermal perception. Air temperature, air 
velocity, relative humidity and globe temperature were measured simultaneously while people answered the 
questionnaires.  Figure 3 shows the four kits of portable equipment that were set up in four different points of the 
building: exterior, entry doors, lobby and interior space .The devices were set to measure every 5 seconds. The 
experiment last from 2 to 3 minutes depending on the route A or B.  
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Fig. 3 Instruments (a) Equipment mounted in 4 tripods; (b) Position of equipment 1) cup anemometer OMEGA 2) globe thermometer using a small 
data logging i-button device inside of a black painted 40mm table tennis ball 3)wind direction indicator 4) i-button hygrometer inside of a 
waterproof  protection 5)Hobo U-12 data logger 6) Vane anemometer LCA501 7) hot-wired data logging anemometer 8) portable manual hot wire 
anemometer TA-410 9) signs with instructions 10) signs to guide direction and next stop. 
1.4 Procedure  
The objective was to replicate the way in which students usually arrive to the building and enter into a seminar 
room. The experiment started outside immediately after participants arrived at the meeting point. Precise instructions 
were given to participants in one minute as they arrived. Participants arrived in smalls groups or individually, and they 
were assessed one after another without stopping over periods lasting from 1 to 4 hours. The experiment lasted from 5 
to 7 minutes on average per participant. Since a large number of participants needed to be assessed in short periods of 
time, six students assisted the researcher during field work. Participants were asked to use trajectory A or B at 
randomly and to answer each section of the questionnaire at specific points. Signals were located in the trajectory to 
guide participants along the sequence of spaces. Table 2 and Figure 4 illustrate the procedure diagram during surveys. 
 
Table 2- Survey procedure 
Exterior Entry doors Corridor Interior space 
Measurement 1  
1 minute instructions 
+30 seconds questionnaire 
Measurement 2 
+30 seconds questionnaire 
Measurement 3 
+30 seconds questionnaire 
Measurement 4 
+30 seconds questionnaire 
+5 minute questionnaire 
    
 
Fig. 4- Experiment procedure in Jessop West Building (a) Equipment mounted in tripods; (b) Position of equipment 1) cup anemometer OMEGA 2) 
globe thermometer using a small data logging i-button device inside of a black painted 40mm table tennis ball 3)wind direction indicator 4) i-button 
hygrometer. 
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3. Results  
Surveys were conducted during 13 random days during July and early August 2013 and preliminary results are 
presented in this paper. Data were analysed in two ways, first using all the participants together to have an overview of 
subjects’ thermal perception in relation with the environmental variables. As the experiment required people to be 
evaluated under the same climate conditions, a second criterion was used, and subjects were divided into different bin 
groups. Depending on the day and similar outdoors climate conditions over a period of time, generally from 30 to 60 
minutes time interval, subjects were divided on groups of 30 up to 67 members. This criterion was used in order to 
eliminate some confounding variables and run some statistical tests using only people experiencing similar thermal 
conditions. Preliminary results are presented in this paper including a general overview of people’s responses and 
results from groups with different temperature sequences.  
Exterior air temperature during surveys ranged from 21 ºC to 26 ºC. The interior temperature was 23ºC on most of the 
days with a slight variation from 22ºC to 24ºC in few cases. Relative humidity varied from 40% to 70%. Exterior air 
velocity was from 0.02 to 3 m/sec, and interior air velocity was always under 0.05 m/sec. A total of 610 subjects were 
assessed, 76% of the total sample population were from 18 to 24 years old and 24% from 25 to 35 years old. Subjects 
included students from UK 43%, China 28% and international students from different countries 29%. Table 3 
illustrates results related to participant thermal history. 
 
Table 3- Case study buildings (a) Jessop West Building; (b) Henry Stephenson Building 1) ICOSS buildings 
Thermal history    Total sample = 610 
Time of 
residence in 
Sheffield, UK 
37% less than 6 months 
27% from 7 to 1 year 
36% more than 1 year 
 Previous 
Activities (1 hour 
before the survey)  
76% passive activities (1.0 -1.2 met) /  
24% active (1.6-2.0 met) 
Interior 
environments 
-At work or study places: 50% 
AC Air conditioned / 50% NV 
Naturally ventilated 
-Currently at home 85% do not 
have AC (cooling)  
 Previous place     
(1 hour before the 
survey)  
Way of arrival to 
the survey point 
62% indoors  
38%outdoors  
85% walking relaxed (2.0 met) 
3%  cycling or running (3.0-3.6 met) 
1.5 Subjects overall thermal sensation during summer  
This study found that overall participants’ thermal perception in the outdoor environment were very positive. Figure 5 
shows overall subjects’ thermal perception in the outside with temperature varying from 21ºC to 26 ºC. Outdoors 65% 
of participants’ votes were concentrated in the middle categories in the ASHRAE seven point scale ‘slightly cool’, 
‘neutral’ and ‘slightly warm’. While 34.5% of participants voted within the uncomfortable range feeling ‘cool’, ‘cold’, 
‘warm’ and ‘hot’. Outdoors main factors provoking discomfort were: temperature (21%), air flow (21%) and solar 
radiation (18%). The majority of the population judged the exterior weather as ‘perfectly bearable’ and ‘slightly 
difficult to bear’ (61% and 29% respectively). In the same way the majority of participants considered the outside 
thermal conditions as ‘acceptable’ (97%). Although people were from different nationalities and had different thermal 
history most of them expressed similar thermal perception, and only a minority (2.5%) indicate discomfort .There are 
several possible explanations for this result. Some reasons might be related to the concepts described earlier in this 
paper: naturalness, time of exposure and short lived experiences. Another possible explanation is the range of 
moderate temperatures experienced during summer that do not approach the extreme climate conditions in other 
countries.  It can also be suggested that people adjust their clothing to achieve comfort, since the majority of 
respondents (85.69%) were ‘comfortable’ with the clothes they were using. Half of the total population were using 
light summer clothes within a range of Clo value from 0.40 to 0.50clo, the highest clo value was 0.8clo and the lowest 
was 0.30clo. A final reason could be that most of the participants were doing similar activities before the experiment 
and were in a dynamic condition minutes before and during the survey. The next step of this study is to conduct more 
statistical analysis in order to find associations with people’s short term thermal history and their current thermal 
perception. 
Table 4 illustrates slight differences between people’s thermal preference when they are outside or inside of the 
building. During summer, exterior and interior temperatures were not extreme, for this reason it was expected to get 
similar responses outdoors and indoors. Further comparisons with spring, autumn and winter surveys will provide a 
better overview of people’s responses at different changes of exterior and interior temperatures. Overall during 
summer a similar percentage of participants expressed the same thermal preference in the outdoor and indoor 
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environment of ‘no change’ (56% and 55% respectively). However, Figure 5 shows that 65% of participants were in 
the comfortable range when outside and 80% when inside. Further analysis will be conducted to study changes in 
people’s thermal perception over this short period of time when moving from outdoors to indoors. 
 
Table 4.- People’s thermal preference outdoors and indoors 
Thermal preference cooler  no change warmer 
Exterior 33.58%  50.46% 15.96% 
Interior 36.33%  55.60% 8.07% 
 
 
 
Fig. 5- Overall people’s thermal perception during summer (a) people’s thermal perception outdoors; (b) peoples’ thermal perception indoors 
 
Preliminary statistical tests were conducted to explore the data. Parametric and non-parametric statistical analysis was 
used, for numerical and categorical data respectively, in order to find correlations between people’s thermal perception 
outdoors (ordinal data – 7point scale) and their thermal history. No significant relationship was found with people’s 
short term activities and people’s thermal comfort perception outside of the buildings. However, there was a positive 
correlation (medium strength) between exterior temperature and thermal comfort perception, r=0.476, n=610, p<0.000 
(Spearman’s R) and r=0.485, n=610, p<0.000 (Pearson’s R).As the temperature increased, people answered towards 
the warmer side of thermal perception. There was a negative correlation (medium strength) between outdoor humidity 
and people’s thermal perception r= -0.348, n=610, p<0.000 (Spearman’s R) and r= -0.346, n=610, p<0.000 (Pearson’s 
R). As humidity increased people perceived the outdoor environment to be colder. There were a number of variables 
with small strength relationship (r= ±0.10 to 0.29). These variables include: Clothing value and duration of residence 
in Sheffield. This last result is interesting because people living in Sheffield for longer tended to feel warmer than 
those who had lived in Sheffield for a short period of time. Ordinal regression showed that exterior temperature 
(p>0.00) and exterior humidity (p>0.004) have relationship with way people perceived the environment outdoors. 
Further analysis will be conducted to find relationship with the main factors altering people’s perception indoors. 
1.6 The effect of the transitional lobby space on people’s thermal perception 
To evaluate people in the same climatic conditions and the effect of the use of the lobby space on people’s thermal 
perception, participants were divided in different groups based on similar thermal conditions in the outside.  Figures 6 
and 7 illustrate some examples of different groups of people experienced different sequences of temperatures (A, B 
and C) arriving at the same interior space (23ºC). Results indicate that people’s thermal perception were different in 
the same interior space (23ºC).  
The most striking result to emerge from the effect of temperature sequences, and different temperatures from one 
space to another on people’s thermal perception is that people’s thermal perception can be altered over short periods of 
time.  Participants gave different comfort vote in each space correlating with the increase or decrease of temperature. 
People were sensitive to changes of temperature from 1 ºC and 2 ºC but that this did not significantly affect their 
comfort. This finding is consistent with outcomes cited by other researchers [19].  
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Fig. 6. Temperature sequences in ICOSS building (a) sequence A 15-18-23-23- ºC; (b) Sequence B 23-23-25-23- ºC 
 
Fig. 7. Temperature sequences in ICOSS building (c) sequence C 18-20-24-23ºC; (d) Sequence D 15-16-22-20ºC 
 
Fig. 8. Temperature sequences in ICOSS building (e) sequence E 22-21-24-21ºC; (f) Sequence F 22-21-24-21ºC 
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Figure 7 and 8 (sequence C,D and E respectively) illustrate that sudden changes of temperature of  4 ºC to 5 ºC, when 
moving from one space to another increase people’s thermal perception significantly. However, even small changes of 
temperatures of 1ºC and 2ºC were significant when the change of temperature was from extreme towards a neutral as 
is illustrated in Figure 6,7 and 8 (sequences B,C and E respectively. Changes of temperature from 23ºC- 25ºC - 23ºC 
(sequence B) altered significantly people’s thermal perception. This was the same for the temperature change from 
24ºC to 23ºC (sequence C) and 24ºC to 21ºC (Sequence E).This data corroborates earlier findings related with the 
concept of thermal direction [6]. It can be suggested that gradual changes of temperature in one direction (from cold to 
hot or from hot to cold) could have a better effect on people’s perception in their final destination than variable 
changes of temperature without consistent direction. However, sudden changes of temperature from extreme to neutral 
also have a positive effect. Figure 8 illustrates an example of the topic of interest in this study. Sequence E includes 
the use of transitional spaces while sequence F illustrates an immediate change of temperature from outdoors to 
indoors. The graphs illustrate slight changes on people’s perception, since the exterior and interior temperatures are 
very similar.  However, it can be suggested that in sequence E a change of temperature (24ºC) few seconds before 
participants arrived to the interior space (21ºC) was enough to slightly alter people’s thermal perception .It can be seen 
that indoors the ‘neutral’ and ‘slightly cool’ votes are slightly different when comparing sequence E and F. The 
observed differences between group A and B in summer surveys were not significant when the change of temperature 
from exterior to interior or from one space to another were not extreme. Few experiments during the survey period 
registered extreme temperatures and more data is required to corroborate this finding.  
 
2. Conclusions 
In a climatic change scenario building design should provide thermal variability to users as an adaptive opportunity. 
There is a lack of field work studying people in dynamic conditions and variable temperatures. This paper presented 
people’s short term thermal history as a potential opportunity to influence people’s long term thermal adaptation.  The 
transitional lobby space is used as a case study to evaluate the possibility to alter people’s short term thermal history in 
transient conditions. A methodology and initial findings from field surveys conducted in summer in Sheffield UK 
were presented. Preliminary findings suggest that overall people were comfortable when outside in range of 
temperatures from 21 to 26ºC. Relationships with people’s thermal perception outside were found with air 
temperature, relative humidity, clothing and categorical factors provoking discomfort. No strong relationship was 
found with a number of short-term experiences, but results illustrated that time of residence in Sheffield could 
influence people’s thermal perception outdoors and indoors. 
Another initial finding shows that in the short-term scenario, changes of temperature from 1 ºC and 2 ºC do not 
significantly change people’s thermal perception. However, a small difference in temperature is significant when the 
direction of the change is from extremes towards a moderate temperature or when people experienced sudden changes 
of temperatures of 4ºC or more from one space to another. The observed differences between group A and B (A= 
using the lobby and B=without using the lobby) in summer surveys were not significant when the change of 
temperature from exterior to interior were not extreme. However, a few experiments conducted during the survey 
period illustrated that extreme differences in temperatures make the impact of the use of lobby space more noticeable. 
Further analysis is required to quantify this effect, as this paper presented a small part of a bigger set of data that 
includes spring, autumn and winter surveys. Further analyses will provide detailed information and better 
understanding of the influence of the lobby space on people’s thermal perception and the possibility to alter people’s 
sort term thermal history. 
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